We cloned and characterized Ty1-copia group retrotransposons in persimmon ( Diospyros kaki Thunb.). Genomic DNA or methyl jasmonate (MJA)-treated cDNA were used as templates to amplify the reverse transcriptase region of Ty1-copia group retrotransposons. About 280 bp fragments were amplified and cloned, and 97 clones were sequenced. Forty-nine clones included frameshift or the stop codon, or both. Among 48 clones containing complete reading frames, 42 clones had unique nucleotide sequences. Alignment and phylogenetic analysis of putative amino acid sequences in the 42 clones indicated that these clones (named Tdk ; retroTransposon in Diospyros kaki ) fell into seven subgroups and six ungrouped sequences, indicating high sequence heterogeneity in Tdk clones. Phylogenetic analysis comparing unrelated plant species shows that some Tdk clones are more closely related to Ty1-copia group retrotransposons in the orders Solanales and Sapindales rather than to other Tdk clones. Southern blot analysis using Tdk2B, Tdk4c, Tdk6Ac, Tdk12K and Tdk13G clones as probes showed that persimmon and its related species, D. lotus, D. lotus var. glabba, D. oleifera, D. rhombifolia and D. virginiana , contained multiple Tdk -like sequences, indicating that homologous elements exist in other Diospyros species.
We cloned and characterized Ty1-copia group retrotransposons in persimmon ( Diospyros kaki Thunb.). Genomic DNA or methyl jasmonate (MJA)-treated cDNA were used as templates to amplify the reverse transcriptase region of Ty1-copia group retrotransposons. About 280 bp fragments were amplified and cloned, and 97 clones were sequenced. Forty-nine clones included frameshift or the stop codon, or both. Among 48 clones containing complete reading frames, 42 clones had unique nucleotide sequences. Alignment and phylogenetic analysis of putative amino acid sequences in the 42 clones indicated that these clones (named Tdk ; retroTransposon in Diospyros kaki ) fell into seven subgroups and six ungrouped sequences, indicating high sequence heterogeneity in Tdk clones. Phylogenetic analysis comparing unrelated plant species shows that some Tdk clones are more closely related to Ty1-copia group retrotransposons in the orders Solanales and Sapindales rather than to other Tdk clones. Southern blot analysis using Tdk2B, Tdk4c, Tdk6Ac, Tdk12K and Tdk13G clones as probes showed that persimmon and its related species, D. lotus, D. lotus var. glabba, D. oleifera, D. rhombifolia and D. virginiana , contained multiple Tdk -like sequences, indicating that homologous elements exist in other Diospyros species.
Persimmon (oriental persimmon or kaki, Diospyros kaki Thunb.) is cultivated in a wide area, including Eastern Asia, Italy, Brazil, Israel and Australia, and is believed to have originated in China (Yonemori et al., 2000) . Persimmon belongs to the order Ebenales family Ebenaceae genus Diospyros . The genus Diospyros is widely distributed from tropical to temperate regions, and D. kaki , D. lotus , D. oleifera , D. rhombifolia and D. virginiana are distributed in the temperate zone. According to a chloroplast DNA analysis, D. lotus and D. virginiana are species closely related to persimmon (Yonemori et al., 1998) .
Retrotransposons transpose by way of an RNA intermediate, which is reverse transcribed into DNA before the integration into genomes (Grandbastien, 1992) . Retrotransposons consist of the LTR (long terminal repeats) retrotransposons and non-LTR retrotransposons. LTRretrotransposons are further subclassified into the Ty1 -copia and Ty3 -gypsy groups that can be distinguished by sequence similarity and the order of encoded genes (Xiong and Eickbush, 1990) . The LTR-retrotransposons contain genes encoding gag and pol polyproteins. The reverse transcriptase (RT) domain of the pol gene is most highly conserved in the Ty1-copia group retrotransposons (Doolittle et al., 1989) . The RT domain of Ty1-copia group retrotransposons is successfully amplified using primer pairs corresponding to the two conserved motifs in many plant species (Hirochika and Hirochika, 1993) . Isolation and characterization of the RT domain of Ty1-copia group retrotransposons have been reported for various monocotyledons (Hirochika et al., 1992; 1996; Matsuoka and Tsunewaki, 1996; Kimura et al., 2001) , and for dicotyledons (Flavell et al., 1992b; Pearce et al., 1996; Yanez et al., 1998; Asins et al., 1999; Villordon et al., 2000) including the orders Rosales , Fabales , Sapindales , Solanales and Cyperales ( Poaceae family). In these species, Ty1-copia group retrotransposons are highly heterogeneous and consist of high copy numbers. The order Ebenales is distantly related to the orders Rosales , Fabales , Sapindales and Solanales in dicotyledon. Information of Ty1-copia group retrotransposon in distantly related plant species would be useful for understanding the universality of Ty1-copia group retrotransposon characteristics in the plant kingdom, for example, its ubiquity and extreme sequence heterogeneity. However, we believe no reports exist of Ty1-copia group retrotransposon in the order Ebenales . In this study, the RT domain of Ty1-copia group retrotransposons in persimmon was cloned and phylogenetically characterized. The presence of cloned Ty1-copia group retrotransposons in persimmon and its relatives were determined using Southern blot analysis. Leaves of a persimmon cultivar 'Saijo' and of five relatives, D. lotus, D. lotus var. glabba, D. oleifera, D. rhombifolia and D. virginiana , were used. Young leaf segments (1.5 cm × 1.5 cm) of persimmon were treated with 500 µ M methyl jasmonate (MJA), as described by Takeda et al. (1998) . Total RNA was isolated from the MJA-treated leaf segments using the Hot borate method (Wan and Wilkins, 1994) . Poly (A) + RNA was isolated using oligo-dT (Takara, Japan). The first strand cDNA was synthesized using random hexamer with a first strand cDNA synthesis kit (Amersham Pharmacia Biotech, UK). Total DNA was isolated from leaves of persimmon and its related species using the cetyltrimethylammonium bromide method (Doyle and Doyle, 1987) and purified by polyethylene glycol precipitation (Gao et al., 2001 ). The RT domain of Ty1-copia group retrotransposons was amplified using 100 ng genomic DNA or cDNA treated with MJA, and degenerated primers, 5'-CARATG-GAYGTNAARAC-3' and 5'-CATRTCRTCNACRTA-3', corresponding to QMDVKT and YVDDM, respectively (Hirochika et al., 1992) . The PCR reaction included an initial step at 94 ° C for 5 min; 35 cycles at 94 ° C for 1 min, at 50 ° C for 1 min and at 72 ° C for 1 min; and an extension step at 72 ° C for 5 min. The PCR products (about 280 base pairs) were ligated into pGEM-T vector (Promega, USA). After screening, target fragments were sequenced using an ABI PRISM 377-18 and a BigDye Terminator Sequencing system (Applied Biosystems, USA). DNA sequences, except primer sequences, were translated using the program of GENETYX-MAC version 8.0 (Software Development). Multiple sequences were aligned using the program of Clustal W version 1.7 (Thompson et al., 1994) . Phylogenetic trees were viewed using TreeView version 1.5 (Page, 1996) . One thousand bootstrap replicates were analyzed. The cloned RT sequences were compared with the sequences shown in Fig. 2 , using the program of BLASTn and BLASTp (Altschul et al. 1997) .
For Southern blot analysis, five micro grams of total DNA were digested by restriction enzymes Eco RI, Eco RV and Bam HI, separated by electrophoresis on 0.6% agarose gels (TypeI-A, Sigma), blotted onto nylon filters (Hybond N + , Amersham Pharmacia Biotech, England), and fixed by baking at 120 ° C for 20 min. As probes, clones Tdk2B, Tdk4c, Tdk6Ac, Tdk12K and Tdk13G were used. Probe labeling, hybridization and detection were carried out with digoxygenin (DIG) labbelling and CSPD detection system (Roche Molecular Biochemicals).
The RT region of Ty1-copia group retrotransposons was amplified from genomic DNA or MJA-treated cDNA of persimmon. MJA was reported to induce the expression of Ty1-copia group retrotransposons in several plants (Takeda et al., 1998; Beguiristain et al., 2001; Kimura et al., 2001) , so that we used MJA for the induction of the transcription in this study. The PCR products were a major band of about 280 bp that was the expected size (data not shown). These fragments were cloned and 97 of the independent clones were sequenced. Forty-nine of 97 clones (51%) contained a stop codon or a frame shift, or both. Remaining forty-eight clones had an open reading frame, and these clones were named Tdk (retroTransposon in Diospyros kaki ). In other plants, approximately 40% of the Ty1-copia group retrotransposon fragments contain translational stop codons in potato (Flavell et al., 1992b) , and only 29 of 102 clones encode single open reading frames in 23 diverse species (Voytas et al., 1992) . These results suggest that many plant retrotransposons are defective.
Of the 48 Tdk clones, 42 had unique nucleotide sequences. Twenty-three and 19 sequences were derived from genomic DNA and MJA-treated cDNA, respectively. Putative amino acid sequences of Tdk12D , Tdk12E , Tdk12Gc and Tdk12Jc , and Tdk13Ac , Tdk13E and Tdk13G were identical, and the amino acid sequences of 37 Tdk clones were distinct. The numbers of predicted amino acid sequences were 80, 81, and 82 (Fig. 1) , and their amino acid similarities between individual clones ranged from 37% ( Tdk3c and Tdk9c ) to 100% (the identical sequence clones). Alignment of putative amino acid sequences and the phylogenetic analysis indicated that these sequences can be divided into seven subgroups with six of them ungrouped (Figs. 1, 2A ). Subgroups were defined as sets of related sequences corresponding to greater than 90% amino acid sequence identity (Konieczny et al., 1991) . The subgroups were designated as Tdk1 (5), Tdk2 (2), Tdk6 (2), Tdk7 (2), Tdk8 (2), Tdk12 (11) and Tdk13 (12) (the number of members in each subgroup in parentheses). Forty-one of 42 Tdk clones contained the amino acid motif, YGLKQ, which was highly conserved in the central region of the RT gene (Hirochika and Hirochika, 1993) (Fig. 1) . The tree shows a high level of sequence heterogeneity within persimmon ( Fig. 2A) .
Putative amino acid sequences in Tdk clones were compared with Ty1-copia elements in other plant species (Fig.  2B ). Tdk1 and Tdk2 were grouped with Tib11 and Tib21 of Ipomoea batatas (about 85% homology). Tdk3 was grouped with s1.10 and s1.11 of I. batatas and TLC3 of Lycopersicon chilense. Tdk6, Tdk7 and Tdk8 were closely related to Tto2 of Nicotiana tabacum and Tib16 and Tib17 of I. batatas. Tdk12 was grouped with Tib1, s1.2, s1.5 and s1.6 of I. batatas (more than 85% homology), GNGCOPIA of Gnetum montanum (84.1% homology), RTGr6 of Citrus maxima, and RTCl5 of C. reticulata. Tdk13 belonged to the subgroup containing Ty1-copia group retrotransposons in Diospyros kaki Tnt1 of N. tabacum and TLC1.1 of L. chilense (about 70% identical). Tdk clones were clustered with clones of sweet potato, tomato, tobacco, and Citrus species, that is, Tdk clones were more closely related to other dicotyledon clones than to each Tdk subgroup, although the order Ebenales is distantly related to the orders Solanales and Sapindales. These results suggest that multiple retrotransposons were already present in the common ancestral plant genome and were vertically inherited, or that they were horizontally transmitted between the orders after each order specialized. In previous studies, horizontal transfer has been suggested to explain retrotransposon phylogeny across plant species (Flavell et al., 1992a; 1992b; Hirochika and Hirochika, 1993) , although horizontal transfer of plant retrotransposons has not directly been demonstrated. We agreed with the suggestion that finding the relative contributions of vertical transmission and horizontal transmission to plant species require a more detailed analysis of sequences in a variety of species, together with experiments to look for direct Fig. 1 . Alignment of putative amino acid sequences corresponding to the reverse transcriptase (RT) domain of Ty1-copia group retrotransposons in persimmon. Nineteen sequences of which clone names were followed by "c" were produced by RT-PCR using MJAtreated leaves. Remaining 23 sequences were produced from genomic DNA. The primer regions were removed. Dashes show gaps that were introduced to optimize the alignment. Boxes show a high conserved region (YGLKQ). Numerals on the right are the numbers of amino acid residues in the sequences. Nucleotide sequences data reported are available in the DDBJ database under the accession numbers AB060975 to AB061016. evidence for horizontal transmission (Flavell et al., 1992b) .
All Tdk sequences are distantly related to an active retrotransposon Tos17 of Oryza sativa (Fig. 2B) . Using the program of BLASTn and BLASTp analysis, more than 20 Ty1-copia group retrotransposons of monocotyledons including rice, maize, wheat, asparagus, onion and Alstroemeria species, show low sequence homology with persimmon clones (data not shown) except ONION of Allium cepa (about 70% sequence identity) (Fig. 2B) .
These results indicate that sequences of Tdk clones are distantly related to monocotyledon clones. These results suggest that different retrotransposons already existed before the divergence of monocotyledons and dicotyledons, and that horizontal transmission is hardly occurring between monocotyledons and dicotyledons.
To confirm the presence of Ty1-copia group retrotransposon sequences in the genus Diospyros, Tdk13G clone was hybridized with EcoRV-digested genomic DNA from persimmon and its related species, D. lotus var. glabba, D. oleifera, D. rhombifolia and D. virginiana (Fig. 3) . All the species showed similar intensities of signal, except the smear pattern in D. virginiana. Southern blots digested by EcoRI and BamHI probed with Tdk13G showed similar multiple band patterns (data not shown). Southern blot analysis of four clones, Tdk2B, Tdk4c, Tdk6Ac and Tdk12K, indicated that Tdk-like clones are ubiquitous in the genus Diospyros and that the copy number of Tdk-related sequence was not much different between species (data not shown). These results Fig. 2 . Phylogenetic analysis of putative amino acid sequences representing fragments of the RT domain of Ty1-copia group retrotransposons in persimmon and in different plant species using the Neighbor-Joining method. Numerals adjacent to branches indicate percentage (more than 80%) of 1000 bootstrap replicates. (A) Putative amino acid sequences corresponding to the fragments shown in Fig. 1 were used for phylogenetic analysis. Black and white circles showed clones with same amino acid sequence. (B) Amino acid sequences in Tdk clones were compared with those in other plant species. Each of Tdk sequences was chosen from every seven subgroups, and they and other ungrouped Tdk elements were used for this analysis. The deduced amino acid sequences of the selected clones were retrieved from the DDBJ/EMBL/GenBank databases. The accession numbers are Ipomoea batatas [Tib1 (AF223309), Tib11 (AF223319), Tib16 (AF223337), Tib17 (AF223330), Tib21 (AF223334), s1.2 (AF231929), s1.5 (AF231932), s1.6 (AF231933), s1.10 (AF231937) and s1.11 (AF231938)], Nicotiana tabacum [Tto1 (D12827), Tto2 (D12828), Tto3 (D12829) and Tnt1 (Yonemori et al., 1998) . This relationship among Diospyros species is unlikely to be related to the copy number of Tdk clones, because the copy number of Tdk13G is markedly increased in only D. virginiana. This subgroup might increase its copy number by transposition within the genome of D. virginiana after specialization of each Diospyros species. Bud mutations, which may be a kind of somatic mutation, are important for breeding of fruit trees. In persimmon, many bud mutation cultivars have been released, for example, 'Matsumotowase-Fuyu' and 'Tonewase' were derived from the bud mutations occurred in 'Fuyu' and 'Hiratanenashi', respectively. However, mechanisms that cause bud mutations are unknown. Transposition of Tos17 induced somatic mutations in rice (Hirochika et al., 1996) . Thus, retrotransposons in fruit tree genome have a potential to cause bud mutations. We amplified about a half of Tdk clones from MJA-treated cDNA samples, indicating that some Tdk clones have transcriptional activity in persimmon. To clarify the relationship between bud mutation and transposition of retrotransposons in persimmon, further examination about transpositional activation of Tdk clones is now in progress.
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